Background and Aims: Prior cross-sectional studies have found inconsistent relationships between body mass index (BMI) and disease progression in HIV-infected individuals. Methods: Cross-sectional and longitudinal analyses were conducted on data from a sample of 864 HIV-infected men who have sex with men (MSM) obtained from a large, nationally distributed HIV clinical cohort. Results: Of the 864 HIV-infected MSM, 394 (46%) were of normal weight, 363 (42%) were overweight, and 107 (12%) were obese at baseline. The baseline CD4 count was 493 (standard error [SE] ¼ 9), with viral load (log 10 ) ¼ 2.4 (SE ¼ .04), and 561 (65%) were virologically suppressed. Over time, controlling for viral load, highly active antiretroviral therapy (HAART) adherence, age, and race/ethnicity, overweight and obese HIV-infected men possessed higher CD4 counts than that of normal weight HIV-infected men. Further, overweight and obese men possessed lower viral loads than that of normal weight HIV-infected men. Conclusions: For HIV-infected MSM, in this longitudinal cohort study, possessing a heavier than normal BMI is longitudinally associated with improved immunological health.
Introduction
Obesity has been linked with numerous deleterious health outcomes, including hypertension, diabetes, heart disease, myocardial infarction, and stroke. 1, 2 In addition, among the general population, there is a relationship between obesity and development of infections. 3 However, the association between obesity and disease progression among HIV-infected populations remains unclear. 4 Early research from the era before highly active antiretroviral therapy (HAART) revealed relationships between being overweight and obese and having higher CD4 counts [5] [6] [7] and lower viral load over time. 7 More recently, one crosssectional study found that higher body mass index (BMI) was associated with increased CD4 counts. 8 However, longitudinal (and retrospective) data have revealed contradicting results, with some reports noting comparable immunological status between normal, overweight, and obese participants' BMI categories, 9 whereas others have noted the highest CD4 counts among an overweight (but not normal or obese) group, while still others have found that overweight and obese HIVinfected individuals have higher CD4 counts than that of normal or underweight peers. 10 More recently, a study suggested that obese individuals had significantly smaller increases in CD4 after HAART treatment compared with normal weight individuals. 11 Of the limited number of studies conducted in the HAART era, only one 11 used a prospective design with HAARTexperienced patients (the remaining studies were either crosssectional and/or conducted with HAART-naive patients); however, this study did not include viral load as an outcome variable. Given the conflicting data, the current study was designed to explore the prospective relationship between BMI and disease progression (CD4 count and viral load) among a HAART-experienced sample of HIV-infected men who have sex with men (MSM).
Methods
This cohort study was conducted among patients from the Centers for AIDS Research Network of Integrated Clinical Systems (CNICS), a previously described large, nationally distributed HIV clinical cohort. 12 The CNICS consists of 8 center for AIDS research (CFAR) sites across the United States and includes more than 25 000 HIV-infected individuals, dating back to 1995. Approximately every 2 months, the participating CNICS sites upload longitudinal patient data into the CNICS data repository. The repository integrates comprehensive clinical data from outpatient and inpatient encounters, such as standardized HIV-related information collected at enrollment (initial clinic visit), demographic, clinical, medication, laboratory, and socioeconomic data obtained from each site's electronic health record and other institutional data sources. The CNICS protocol was approved by each collaborating site's respective institutional review board.
For the current study, patients were eligible for inclusion if they were a man who (1) reported having sex with other men and (2) had completed the CNICS clinical assessment [13] [14] [15] of patient-reported measures (eg, depression, as measured by the Patient Health Questionnaire-9 (PHQ-9) 16 ; and self-reported HAART adherence, as measured by a z-score-converted composite variable).
The clinical assessment was integrated into clinical care at 4 participating CNICS sites (the University of Washington, the University of Alabama at Birmingham 1917 HIV/AIDS Clinic, Fenway Health, and the University of California, San Diego). Patients completed the clinical assessment using Web-based survey software developed specifically for patient-based measures. Clinical data (eg, CD4 count, viral load, height, and weight) were pulled to match the date as closely as possible (eg, 6 months or less) to which the patients completed the self-reported measures. Data from September 2005 to July 2011 were included. Viral load values and CD4 counts were obtained in the course of routine clinical care at the respective CNICS sites. Given the highly skewed nature of the unadjusted raw viral load data, a log 10 transformation was calculated for viral load analyses. The most commonly used viral load assays were HIV-1 RNA Roche Ultrasensitive, HIV-1 RNA Abbott m2000 real-time, and HIV-1 RNA Branched DNA version.
Body mass index was operationally defined as (weight in pounds/(height in inches Â height in inches)) Â 703, and the following categories were created based on guidelines from the National Institutes of Health: BMI < 18.5 (underweight), BMI 18.5 to 24.9 (normal weight), BMI 25 to 29.9 (overweight), and BMI > 30 (obese). 17 
Statistical Analyses
Associations of BMI categories (normal weight, overweight, and obese) to CD4 and viral load were tested via 1-way analyses of covariance (ANCOVAs).
Associations of BMI as a continuous variable with viral load were tested via 2-step hierarchical multiple regressions. Accordingly, age, HAART adherence, and race/ethnicity were entered into step 1 as covariates (see below for more detail on selection of covariates). For CD4 analyses, viral load was also entered in step 1.
Step 2 then included BMI. These regressions were conducted separately for CD4 count and viral load as outcomes.
The primary and most robust set of analyses were of BMI as a longitudinal predictor of CD4 and viral load. These were conducted via generalized linear mixed-effects modeling in SPSS 20. Generalized linear mixed-effects models have the advantage over traditional data analytic approaches in that power is increased due to repeated measures, and no participant is dropped from the analysis if they miss a visit/data time point. Accordingly, for this data set, the longitudinal models allow modeling the effects of BMI, over time, to viral load and CD4 count. The time variable provided the structure to the model with 3 waves of data (corresponding to baseline and 11 and 14 months postbaseline) and was entered as both a fixed (unknown constant parameter) and random (unobserved random variable) effect. Random intercepts and slopes were also entered, which allow participants to have unique growth trajectories (the trajectory of the outcome variable may vary over time from one participant to another). Time-variant values of BMI were entered into the model, as fixed effects, to predict changes in CD4 count and viral load over time. The autoregressive covariance structure was chosen based on the best goodness of fit (as evaluated by the Akaike Information Criterion [AIC]) compared with competing covariance structures. The AIC was also used to evaluate the fit of linear versus quadratic models, with linear models fitting the data better. The restricted maximum likelihood (REML) estimation method was chosen in lieu of maximum likelihood (ML) estimation, as the former approach tends to result in unbiased estimates of the variances and covariances. 18 
Results

Preliminary Analyses
The analyses included 864 eligible HIV-infected MSM in care in 4 US cities, of whom 394 (46%) were of normal weight, 363 (42%) were overweight, and 107 (12%) were obese. Only 21 (2%) participants fell into the underweight group; given the small n, underweight participants were excluded from all further analyses. The mean age of the sample was 44 years (standard deviation [SD] ¼ 10), and all participants were HAART experienced (with those being on HAART for the previous 6 months or longer). The racial/ethnic makeup of the sample was 80% white, 10.5% black, 2.3% Asian, and 7.5% other; and 28.4% identified as Hispanic. The mean CD4 count at baseline was 493 (standard error [SE] ¼ 9), with viral load (log 10 ) ¼ 2.4 (SE ¼ .04), and 561 (65%) being virologically suppressed.
Demographic characteristics (along with depression symptoms and HAART adherence) were examined by BMI category. A trend (P ¼ .06) indicated that age differed by BMI categories, with overweight men tending to be older than normal weight men. White participants were disproportionally represented (P ¼ .04) in the overweight (84%) and normal weight (79%) categories compared with the obese category (73%). Although significant BMI category differences did not emerge on the HAART adherence composite, this variable was controlled for in all subsequent analyses (along with age and race/ethnicity), given that HAART adherence is associated with both CD4 counts and viral load. Further, given that the viral load is significantly negatively correlated with CD4, in analyses in which CD4 was the outcome variable, viral load was statistically controlled.
Cross-Sectional Analyses BMI category and CD4. A 1-way ANCOVA was conducted examining BMI category differences at baseline on CD4 count, controlling for age, race/ethnicity, adherence, and viral load. Results revealed a significant main effect for BMI category, Continuous BMI and CD4. BMI explained significant variance in CD4 counts, DR 2 ¼ .019, DF 1,671 ¼ 14.3, P < .001, B ¼ 8.7, t ¼ 3.8, P < .0001, indicating that a 1-unit increase in BMI was associated with an 8.7-unit increase in CD4 count.
Body mass index group and viral load. A 1-way ANCOVA was conducted examining BMI category differences at baseline on plasma viral load (see Table 1 ). Results revealed a nonsignificant main effect for BMI group, F 2,652 ¼ 2.0, P ¼ .13. CD4 count. When analyzing CD4 count as the outcome variable, there was a significant main effect for BMI category, F 2,318 ¼ 3.7, P ¼ .027 (see Table 2 and Figure 1 ). To follow-up this significant main effect, Fisher LSD analyses were conducted. Results revealed that overweight men (M ¼ 514, SE ¼ 18) possessed higher CD4 counts compared with normal weight men (M ¼ 451, SE ¼ 18), and neither group significantly differed from obese men (M ¼ 476, SE ¼ 39). Given that the interaction between BMI category and time was nonsignificant, F 4,178 ¼ 2.1, P ¼ .09, this finding indicates that the BMI category differences did not vary as a function of time.
Continuous
These procedures were repeated with the continuous BMI variable as the predictor. Results revealed a significant effect for BMI, g ¼ 7.4, SE ¼ 2.1, 95% CI ¼ 3.2-11.5, t 830 ¼ 3.5, P < .0001, indicating that a 1-unit increase in BMI was associated with a þ7.4 change in CD4 count. Viral load. Analogous procedures were conducted with respect to plasma viral load as the outcome variable. No significant main effects for BMI category or time were revealed; however, a significant BMI category by time interaction emerged, F 4,872 ¼ 2.7, P ¼ .03 (see Figure 2) . To follow-up this significant interaction, Fisher LSD analyses were conducted. Results indicated a significant BMI category difference at time 3, with obese (M ¼ 1. 
Discussion
In the general population, multiple negative effects of being overweight or obese have been well documented.
1,2 Prior studies have suggested that obese individuals have poorer immune functioning. 3 However, the role of obesity (and BMI in general) among HIV-infected individuals remains unclear. This is a salient issue, as obesity among HIV-infected individuals has increased with trends largely mirroring those of the general population. 10 Because HIV-infected individuals already possess some level of immunocompromise and chronic inflammation, understanding the relationship of weight to disease progression is of importance.
The main findings from the current study indicated that over time, overweight HIV-infected MSM possessed higher CD4 counts than normal weight HIV-infected MSM (neither category statistically differed from obese men in the longitudinal analysis). Among the handful of studies conducted in the HAART era, findings regarding obesity and CD4 count have been varied and contradictory. 9, 11, 19 However, the current study is one of only 2 that assessed this relationship prospectively over several time points.
The current study also assessed viral load, which is novel among the HAART era studies published on this topic. Prospectively, overweight and obese men possessed significantly lower viral loads compared with normal weight men. Given that men with elevated BMI possessed higher CD4 counts, perhaps it is not surprising that their viral loads were also relatively lower compared with normal weight men. Indeed, there is a strong negative association between CD4 and viral load.
Despite the novel findings from the current study that heavier than normal HIV-infected patients have better control of their HIV infection, the behavioral and/or pathophysiological mechanism is not clear. It is plausible that leptin may be involved in the pathway of overweight and obesity to immune functioning among HIV-infected individuals. Leptin is an adipocyte-derived hormone that influences body weight (among other biological functions). 20 Overweight and obese individuals have been found to have higher levels of serum leptin compared with normal weight individuals. 20, 21 Among some samples, increased levels of leptin have been found to be related to improved immunological health. 22, 23 Although obesity in the general population has been linked to worse immune functioning, among HIV-infected individuals, if there is actually a protective effect, it may be that higher concentrations of leptin provide a specific protective function by improvements in CD4 count, as leptin treatment has been associated with T-cell proliferation among mice 23 and humans. 22 However, some studies among HIV-infected individuals 24, 25 have failed to find a relationship between leptin treatment and CD4 count or viral load, although these studies were not designed to test intervention effects on disease progression, per se. Clearly, further studies evaluating the role of leptin and T-cell number and function in HIV-infected individuals are warranted to evaluate this hypothesis further. Alternative explanations may be considered. Two variables that were not fully assessed in this study were the CD4 nadir when patients initiated HAART and their duration of treatment. If normal weight patients were more immunosuppressed when they initiated treatment, their ability to control viral replication and to restore immune function would be compromised, limiting their ability to achieve higher CD4 counts compared with patients who started treatment at higher CD4 counts. However, supplemental analyses revealed nonsignificant differences at baseline, and at each time point, in virological suppression as a function of BMI category.
Although the current study yielded novel findings, it is not without limitations. For instance, the nature of the sample may limit generalizability of the results, as the sample exclusively constituted MSM and was primarily white. Thus, translating these findings to women and nonwhite races should be done with caution. It is also quite possible that the patients in the CNICS cohort, by virtue of using an electronic medical record (from which the data were obtained) have a higher degree of integration of care compared with that of the typical HIV-infected patient. In summary, prospective analyses found that elevated BMI among HIV-infected MSM is associated with better CD4 counts and viral load compared with normal weight men. It is important to note that being overweight and obese is associated with a plethora of health problems; although these findings highlight the possibility that elevated BMI may have a specific protective factor for HIV-infected MSM, it does not suggest that overweight and obesity should be clinically ignored (or for that matter encouraged) in MSM living with HIV. However, future research is needed to understand the casual mechanisms of being overweight and obese and disease progression among this population, perhaps through the role of increased levels of serum leptin and other potential immune factors.
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